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similar conclusion. On the other hand, Prof. Lowell, 
firmly convinced of the reality of these markings, re
gards them as artificial works due to Martian engi
neers. He considers that the planet is now all but 
devoid of water, none remaining but a little in the 
polar regions_ When the "snow-caps" melt, the canals 
convey the precious fluid toward the equator, and 
vegetation bUFsting round their banks produces the 
periodical changes of tint that we see. 

However, there is considerable uncertainty as to the 
true nature of these polar caps. At first it was 
thought, from terrestrial analogies, that these were 
composed of snow, melting on the approach of the 
planet's summer; yet there is much reason to suppose 
that they may consist of solid carbon dioxide, which 
much resembles snow in appearance, and evaporates 
at a very much lower temperature. The atmosphere 

of Mars is probably much rarer than our own, and, 
being considerably farther from the sun, both winter 
and summer temperatures must be lower; but yet the 
polar caps diminish to a much greater extent than 
could be expected. Dr. Johnstone Stoney supposes, 
accordingly, that it is solid carbon dioxide (carbonic 
acid gas frozen), and not snow, of which they are com
posed. 

Thus all the evidence we possess seems to point to 
this planet being a much older one than our own. 
If we suppose both earth and Mars originally incan
descent bodies, the much smaller planet would 0001 

more quickly, and it would grow old and decrepit 
much sooner. 

The spectroscope shows the presence ,of water-vapor 
in the Martian atmosphere, and some are of opinion 
that there is a very considerable amount of it; but 

most observers consider that the amouilt both of air 
and water is considerably less, not merely absolutely, 
but in proportion to its bulk, than on our planet. 

Though some enthusiastic observers are convinced 
of the existence of rational beings, in an advanced 
state of civilization, inhabiting Mars, we may well 
pause before we arrive at this conclusion. All the 
evidence we certainly possess so far merely indicates 
the possibility of a narrow equatorial zone being the 
abode of life, at least of a kind akin to that with 
which we are familiar. If the polar caps be com
posed of solid carbon dioxide, the temperature pre
vailing during the planet's winter seasons must be 
excessively low. Nevertheless, this by no means pre
cludes the possibility of the existence of races of be
ings of a totally different character to anything we 
can imagine.-English Mechanic and World of Science. 

MOISTURE AND CHE'MICAL CHANGE.* 

HOW WATER AFFECTS C HEM I CAL REA C T ION S. 

BY DR. H. BRERETON BAfiER, ,F.R.S. 

THE influence of a trace of water vapor on a chemi
cal reaction was first noticed by Prof. H. B. Dixon in 
1880. He found that it was possible to pass electric 
sparks in a mixture of carbon monoxide and oxygen 
without explosion if the mixture had been very care
fully dried. Shortly afterward Cowper proved that 
dried chlorine had little or no action on several 
metals. Further observations were made by Prof. 
Dixon's pupils, the author in 1884 showing that car
bon could be heated red hot in dried oxygen, that 
sulphur, and even the very inflammable phosphorus, 
could be distilled in the same gas without burning. 
Later experiments proved that ammonia and hydrogen 
chloride gases could be mixed without uniting, and that 
the readily dissociated ammonium chloride could be 
converted into a true vapor, and sulphur trioxide could 
be crystallized on lime, provided always that moisture 
was, so far as possible, removed. In 1902 it was shown 
that tubes containing very dry and pure hydrogen 
and oxygen could be heated to redness without any ex
plosion resulting, and in 1907 that nitrogen trioxide 
could exist in the gaseous state if carefully dried_ 

Taken altogether, some twenty-five simple chemical 
actions have been shown to be dependent on the pres
ence of moisture, "and a few only, the burning of 
cyanogen, carbon bisulphide, and some hydrocarbons, 
seem to take place as easily when dried as when 
moist. In 1893 Sir J. J. Thomson showed that a poten
tial difference of 1,200 volts was unable to cause the 
passage of electric sparks through very dry hydrogen, 
and in the same year the author was able to stop the 
passage of the discharge from an induction coil by 
carefully drying the gas between the platinum points. 

The amount of water necessary for the bringing 
about of chemical action is extremeiy small, less, in 
all probability, than one part in three hundred thou
sand of the reacting gases. Many hypotheses have 
been suggested for the explanation of its action. Prof. 
Dixon believed, in the case of carbon monoxide and 
oxygen, that the water vapor acted as a carrier of 
oxygen by alternate reduction and re-oxidation of the 
hydrogen. Traube imagined an alternate formation 
and decomposition of hydrogen peroxide. Dr. Arm
strong in 1884 suggested a theory of "reversed electro
lysis," the impurity of the water vapor rendering it 
a conductor. Sir J. J. Thomson in 1893 published a 
paper showing that if the forces holding the atoms of 
a molecule together were electrical in their nature, 
these forces would be very much weakened in pres
ence of liquid drops of any substance of high specific 
inductive capacity such as water. 

In 1895 it was shown that the newly discovered 
Rontgen rays were able to cause a gas to become a 
conductor of electricity, and it was thought, at that 
time, that the molecules of'the gas were split up into 
atoms by this agency, If this were so, it seemed likely 
that in these circumstances chemical action would 
take place in absence of water, but a joint paper of 
Prof. Dixon and the author, in 1896, showed that the 
Rontgen rays, at the ordinary temperature, had no 
measurable effect on the combination of dried gases. 
Since that time, however, the researches of J. J. Thom
son, Rutherford, Townsend, and others have proved 
that the ionization of gases is of a different character.t 

• Abstract of the Wilde lecture. delivered before the Man
ch�ster Literary and Philosophical Society. 

t'L'he author finds that liquid water invariably collects In 

tubes containing salts of radium, though these salts are not 
at all deliquescent. In one experiment 10 milligrammes of 
radium bromide increased in weight by 1.;; milligram me when 
allowed to stand for two days in an atmosphere saturated 
With moisture at 0 dpg. C. Examination of the crystals under 

The negative ions are extremely small particles of 
the mass of about 1/1000th part of the mass of an 
atom of hydrogen, the positive ion being the residue, 
but whether it is the residue of a molecule or of an 
atom seems to be 'still doubtful. 

With the view of illustrating the influence of ioniza
tion of gases on chemical change, the author devised 
a new experiment. It is known that mercury vapor, 
in ordinary circumstances, contains only atoms of 
mercury, which exhibit little tendency to combine 
with oxygen. The vapor, however, is ionized in the 
mercury vapor lamp, and when the current is cut off 
and oxygen is admitted shortly afterward, the mer
cury becomes covered with a layer of mercuric oxide_ 
Since the temperature of the lamp is much below 
that at which ordinary mercury vapor combines with 
oxygen, it is evident fhat in this case ionization can 
bring about chemical action. 

It is probable that this ionization of mercury is 
different from" the ordinary ionization of gases. It 
may be regarded as the splitting off of an electron 
from the atom as distinct from a molecule, and the 
charged atom of mercury can then enter into union 
with oxygen. The cases mentioned above of combus
tions in oxygen which are apparently unaffected by 
tlie absence of moisture are perhaps to be explained 
in the same way. The gases are readily broken up 
into their elements, and it has been shown that carbon 
bisulphide breaks up at a lower temperature than that 
required for its burning. When these gases are 
heated charged atoms are probably formed, capable of 
direct union with oxygen. 

To test further the question as to whether the ioni
zation of molecules, as distinct from atoms, as in the 
case 'of mercury vapor, can bring about chemical 
change, some recent experiments have been performed 
in which radium bromide was used as the ionizing 
agent. Small quantities of this salt, contained in open 
silica tubes, were sealed up in tubes containing mix
tures of hydrogen and oxygen and carbon monoxide 
and oxygen, the gases being very dry in some cases 
and moist in others. In no case was any chemical 
action observed, although the tubes were allowed to 
stand at 20 deg. for more than two months. By means 
of a vacuum gage the combination of 1/10,000th of the 
whole could have been detected. Another experiment 
showed that radium bromide was able to produce ioni
zation in very dry air, so that the want of chemical 
action in the above experiments must have been due 
to the fact that ionization cannot of itself produce 
chemical action. There remained, however, the possi
bility of ionization increasing the rate of union of 
two gases which were otherwise under conditions 
which would produce a slow chemical action between 
them. The reaction between nitrous oxide and hydro
gen was found to be a suitable one for investigation, 
since it takes place slowly and uniformly at 530 deg. 
It is known that many substances will, when heated, 
ionize gases_ Lime is fairly effective in this respect, 
thoria to a much greater extent, and radium bromide 
is the most effective of all. Accordingly, tubes con
taining the mixture of not very dry hydrogen and 
nitrous oxide were prepared. One contained a little 
lime, a second some thoria, and a third some radium 
bromide. These tubes were heated in an electric re
sistance furnace side by side with comparative tubes 
containing the same gases in which was a small quan
tity of powdered Jena glass to make the conditions 
as similar as possible. It was found that the rate 

the showed that their edges were quite sharp, show-
ing the absorption of water was not due to deliquescence. 
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of combination was much quickened by the presence 
of lime, much more by the presence of thoria, while 
the gases in contact with radium bromide, directly 
the combining temperature was reached, combined with 
explosion. 

When a tube containing thoria and the same mixture 
was dried for ten days by phosphorus pent oxide, the 
gases showed no measurable combination when heated 
for five minutes to 530 deg. 

Hence increasing the ionization in presence of mois
ture increases the rate of chemical change, while in 
absence of moisture it apparently has no effect. 

An experiment of rather different type was shown 
which illustrates the way in which the ionization of 
gases may exert its influence. A mixture of sulphur 
dioxide and sulDhureted hydrogen can be kept un
changed although water vapor is present in some quan
tity. If, however, liquid water is introduced, separa
tion of sulphur is immediate. A small open tube of 
radium bromide was placed in such a mixture, and 
after standing some time the whole of the gases con
densed in the small tube of radium bromide in the 
form of sulphur and water. There is little doubt as 
to what happens" in this case; the water vapor con
denses in liquid drops on the ionized particles in the 
radium tube, and in these drops the reaction between 
the two gases is completed. * In the other chemical 
changes at high temperatures it is conceivable that 
"condensation to some form approaching the liquid 
state might take place, in which case Sir J. J. Thom
son's theory would apply. 

In support of this view must be mentioned some 
very recent experiments of Prof. J. S. Townsend, which 
show that a very great diminution in mobility of nega
tive ions is produced when a mere trace of water 
vapor is added to a dried gas ionized by Riintgen rays. 
If there is any truth in this provisional working 
hypothesis, it should be found that ions and water 
vapor (or some similar substance) must both be pres
ent in a mixture of gases if action is to take place. 
Experiments already in progress seem to show that 
this is the case, but they have not been sufficiently 
often repeated for it to be desirable to' publish the 
results at this stage. 

The nature of combustion is only beginning to be 
understood. It is still currently believed that hydro
gen and carbon monoxide necessarily and spontaneous
ly burst into flame on coming into contact with oxygen 
at a high temperature, but Dixon discovered in 1883 
that this mixture of gases is not inflammable when 
perfectly dry. Not only is the presence of moisture 
necessary for combustion, but up to a certain limit 
the amount of oxidation depends upon the degree of 
humidity. Faraday had demonstrated long before this 
the ab!lolute identity of chemical and electrical actions. 
Hence the same conditions are required for the pro
duction of chemical changes and of electrical currents. 
The most important of these conditions is the presence 
of a conductor or electrolyte. Pure water is not a con
ductor, so that some substance which will make it a 
conductor must be present also. In 1902, Brereton 
Baker proved that a mixture of pure hydrogen and 
oxygen could be raised to a red heat in presence of 
pure water without exploding. The water present in 
the usual conditions of experiment contains impurites 
which insure conduction and hence effect chemical 
combustion. 

• Si�ce the phenomenon in gases is admittedly different 
from that in electrolysis, it is much to be regretted that the 
Rame term, ionization, is retained for b'oth. 
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